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Abstract

Members of the Sage family, such as Salvia officinalis and Salvia lavandulaefolia, have a long history of use as memory-enhancing

agents coupled with cholinergic properties that may potentially be relevant to the amelioration of the cognitive deficits associated with

Alzheimer’s disease. The current study utilised a placebo-controlled, double-blind, balanced, crossover design in order to comprehensively

assess any mood and cognition modulation by S. lavandulaefolia. Twenty-four participants received single doses of placebo, 25 Al and 50 Al
of a standardised essential oil of S. lavandulaefolia in an order dictated by a Latin square. Doses were separated by a 7-day washout period.

Cognitive performance was assessed prior to the day’s treatment and at 1, 2.5, 4 and 6 h thereafter using the Cognitive Drug Research (CDR)

computerised test battery. Subjective mood ratings were measured using Bond–Lader visual analogue scales. The primary outcome measures

were scores on the five cognitive factors that can be derived by factor analysis of the task outcomes from the CDR battery. The results

showed that administration of S. lavandulaefolia resulted in a consistent improvement for both the 25- and 50-Al dose on the dSpeed of

MemoryT factor. There was also an improvement on the dSecondary MemoryT factor for the 25-Al dose. Mood was consistently enhanced,

with increases in self-rated dalertnessT, dcalmnessT and dcontentednessT following the 50-Al dose and elevated dcalmnessT following 25 Al.
These results represent further evidence that Salvia is capable of acute modulation of mood and cognition in healthy young adults. The data

also suggest that previous reports of memory enhancement by Salvia may be due to more efficient retrieval of target material.

D 2004 Elsevier Inc. All rights reserved.
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1. Introduction

Plants of the Salvia genus have a pan-cultural history of

usage, with traditional medicinal applications in, among

others, ancient Greek, Roman [1], Ayurvedic [2], indigenous

American Indian [3] and traditional Chinese medical

systems [4,5].
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Salvia officinalis was in common usage throughout

Europe by medieval times, and features in British herbal

apothecaries from the 16th century onwards [6]. Its

suggested uses included those as a general treatment to

enhance dhead and brainT functioning, improve the memory,

quicken the senses and delay age-associated cognitive

decline [7]. The many contemporary indications for S.

officinalis include the alleviation of poor memory, mental

confusion, depression, vertigo, as an anti-inflammatory, and

use as a treatment for the symptoms of the menopause [8].

The majority of potentially bioactive hydrocarbons in

plant essential oils are terpenoids. Salvia lavandulaefolia
83 (2005) 699–709
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(Spanish Sage) has a similar composition to S. officinalis,

with the exception that it lacks a high concentration of the

thujone (a terpenoid ketone characterised chemically as

bicyclo(3,1,0)hexan-3-one, 4-methyl-1-(1-methylethyl)-(1S-

(1-,4,5-a)), which is toxic in large doses. It has therefore

been suggested that S. lavandulaefolia may provide an

equally efficacious, but more suitable, treatment [9]. In

terms of the whole herb, both sage species contain about

1.0–2.8% volatile oil [10]. It has been suggested that the

monoterpenoids (having 10 carbon atoms with at least one

double bond) in sage, namely, a-Pinene, h-Pinene, 1,8-

Cineole, Thujone, Camphor and Geraniol, contribute to (but

may not be completely responsible for) the activity of the

whole herb [11].

Both S. officinalis and S. lavandulaefolia have been

reported to have a number of in vitro properties relevant to

behaviour. These include dose-dependent inhibition of

human brain acetylcholinesterase (AChE). This effect has

been observed for the essential oil and alcoholic extracts of

both fresh and dried leaves [12]. The effect appears to be due

to synergistic interaction between components, as the level

of dose-dependent inhibition of erythrocyte AChE by S.

lavandulaefolia essential oil was not predicted by the effects

of single constituents [13]. This in vitro anti-cholinesterase

activity of the essential oil of S. lavandulaefolia has also

been confirmed ex vivo, with the demonstration of an effect

similar to physostigmine on the contractile response of the

isolated guinea pig ileum [11]. Furthermore, oral admin-

istration of S. lavandulaefolia to aged rats resulted in in vivo

inhibition of AChE in selected brain areas [5]. Inhibition of

AChE in the striatum, but not in the hippocampus or cortex,

was found following administration of the lowest dose

(20 Al). At the higher dose (50 Al), a reduction in AChE

activity was found in both the striatum and the hippocampus

but again not in the cortex [5].

It has also been reported that the S. officinalis leaf had

dappreciableT levels of antioxidant activity, in comparison to

recognised herbal antioxidants such as Ginkgo biloba and

Panax ginseng [14]. Antioxidant properties of the essential

oil of S. lavandulaefolia [11], and a number of single

constituents common to both S. officinalis and S. lavandu-

laefolia have also been reported [11,15–17]. In vitro

research also lends support to the anti-inflammatory and

oestrogenic properties that have been historically attributed

to Salvia species [8], with demonstrations of anti-inflam-

matory actions by an ethanolic extract of S. lavandulaefolia

and several of its constituents, and human oestrogen receptor

binding activity by the essential oil of S. lavandulaefolia,

and its monoterpenoid component geraniol [11].

Alzheimer’s disease is characterized by the presence of

amyloid plaques, neurofibrillary tangles and marked chol-

inergic degeneration. Numerous other disease processes are

implicated, including free radical damage, inflammation and

compromised oestrogen activity. On the basis of the

cholinergic, antioxidant, anti-inflammatory and oestrogenic

properties of S. lavandulaefolia, and the fact that all but one
currently available treatments for AD focus on increasing

ACh availability, it has been suggested that S. lavandulaefolia

may provide a novel treatment for Alzheimer’s disease

[5,12,18]. A recent parallel-group, placebo-controlled trial

reported some protection against declines in cognitive

performance in sufferers of mild to moderate Alzheimer’s

disease during 4 months administration of S. officinalis [19].

Such an effect is not surprising given the range ofmechanisms

potentially relevant to dementia that Salvia may target. In

particular, the plant’s acetylcholinesterase inhibitory proper-

ties, with a consequent increase in synaptically available

acetylcholine, may serve to ameliorate the cognitive dis-

turbances associated with cholinergic neuron and receptor

loss and dysregulation. Additionally, Salvia is well tolerated

and without the attendant side effects of currently available

treatments [5]. Added anti-inflammatory and antioxidant

properties may also convey additional benefits, while

interaction with oestrogen receptors raises the possibility of

further potentially beneficial effects, including increased

cerebral blood flow, anti-inflammatory actions and neuro-

protective and neurotrophic effects in brain tissue [20].

In our own laboratory, we have undertaken a series of

studies into the potential behavioural effects of herbal

extracts. As a starting point, we have assessed the acute

effects of a number of standardised extracts on mood and

cognition in healthy young adults. It is particularly relevant

that any such substances should theoretically be capable of

modulating cognitive performance in healthy population.

That is, where drugs which reverse cognitive impairments

have been assessed in healthy cohorts they tend to benefit

function, although it is theoretically possible that some

treatments may be effective only in impaired populations. A

randomised, double-blind, placebo-controlled trial evaluat-

ing the effects of a range of doses (25, 50, 100 and 150 Al)
of essential oil of S. lavandulaefolia in healthy young

volunteers showed that administration of only the lowest

doses, 25 and 50 Al, significantly improved memory for a

word recall task compared with placebo [21].

The current study investigated the dose- and time-

dependent acute cognitive and mood effects of ingestion

of two single doses (25 and 50 Al, these being the most

efficacious in a previous study) of the essential oil of S.

lavandulaefolia (and a placebo) in healthy young volun-

teers, using the Cognitive Drug Research (CDR) compu-

terised assessment battery, serial subtraction tasks, and the

Bond–Lader mood scales.
2. Materials and methods

2.1. Participants

Sixteen female and eight male undergraduate volunteers

(mean age 23.21 years, range 18–37) took part in the study,

which was approved by the Joint Ethics Committee of

Newcastle and North Tyneside Health Authority. Prior to
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participation, each volunteer signed an informed consent

form and completed a medical health questionnaire. All

participants reported that they were in good health, and were

taking no illicit recreational drugs. Additionally, they were

free of any dover-the-counterT or prescribed medications, with

the exception, for some female volunteers, of the contra-

ceptive pill. Habitual smokers were excluded from the study.

All participants abstained from caffeine-containing products

throughout each study day, and alcohol for a minimum of 12 h

prior to the first testing session of the morning.

2.2. Cognitive measures

The Cognitive Drug Research (CDR) computerised

assessment battery has been used in hundreds of European

and North American drug trials, and has been shown to be

sensitive to acute cognitive improvements [22,23], as well

as impairments with a wide variety of substances [24,25].

A tailored version of the CDR battery was used. This has

previously been found to be sensitive to modulation of

cognitive function as a consequence of acute ingestion of

Melissa officinalis [26], Ginkgo biloba [27,28], and Panax

ginseng [29,28], and acute and chronic administration of a
Fig. 1. Schematic representation of the CDR battery showing (from left to right) ru

of the four factors derived by factor analysis. Arrows indicate that a task outcome

AttentionT, dQuality of MemoryT or dSpeed of MemoryT. Differential dotted lines

MemoryT or dSecondary MemoryT (adapted from Kennedy et al. [27,38]).
Ginkgo biloba/Panax ginseng combination [28,30–32]. The

running order of the tasks is illustrated in Fig. 1. The

selection of computer controlled tasks from the system was

administered with parallel forms of the tests being presented

at each testing session. Presentation was via desktop

computers with high-resolution VGA colour monitors, and,

with the exception of written word recall tests, all responses

were recorded via two-button (YES/NO) response boxes.

The entire selection of tasks took approximately 20 min.

Tests were administered in the following order:

Word Presentation: Fifteen words, matched for fre-

quency and concreteness, were presented in sequence on

the monitor for the participant to remember. Stimulus

duration was 1 s, as was the interstimulus interval.

Immediate Word Recall: The participant was allowed 60

s to write down as many of the words as possible. The task

was scored as number of words produced, minus errors and

intrusions and the resulting score was converted into a

percentage.

Picture Presentation: A series of 20 photographic images

of everyday objects and scenes were presented on the

monitor at the rate of 1 every 3 s, with a stimulus duration of

1 s, for the participant to remember.
nning order of tasks, individual task outcome measures and the composition

measure contributes to the given factor dSpeed of AttentionT, dAccuracy of

indicate contribution to both Quality of Memory and to either dWorking
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Simple Reaction Time: The participant was instructed to

press the dYEST response button as quickly as possible every
time the word dYEST was presented on the monitor. Fifty

stimuli were presented with an interstimulus interval that

varied randomly between 1 and 3.5 s. Reaction times were

recorded in milliseconds.

Digit Vigilance Task: A target digit was randomly

selected and constantly displayed to the right of the monitor

screen. A series of digits were presented in the centre of the

screen at the rate of 80 per minute and the participant was

required to press the dYEST button as quickly as possible

every time the digit in the series matched the target digit.

The task lasted 1 min and there were 15 stimulus–target

matches. Task measures were accuracy (%), reaction

time (ms) and number of false alarms.

Choice Reaction Time: Either the word dNOT or the word
dYEST was presented on the monitor and the participant was

required to press the corresponding button as quickly as

possible. There were 50 trials, of which the stimulus word

was chosen randomly with equal probability, with a

randomly varying interstimulus interval of between 1 and

3.5 s. Reaction times (ms) and accuracy (%) were recorded.

Spatial Working Memory: A pictorial representation of a

house was presented on the screen with four of its nine

windows lit. The participant was instructed to memorise the

position of the illuminated windows. In 36 subsequent

presentations of the house, one of the windows was

illuminated and the participant decided whether or not this

matched one of the lighted windows in the original

presentation. The participant made their response by

pressing the dYEST or dNOT response button as quickly as

possible. Mean reaction times were measured in milli-

seconds, and accuracy of responses to both original and

novel (distractor) stimuli was recorded as percentages which

were used to derive a d% greater than chance performanceT
score.

Numeric Working Memory: Five digits were presented

sequentially for the participant to hold in memory. This was

followed by a series of 30 probe digits for each of which the

participant decided whether or not it had been in the original

series and pressed the dYEST or dNOT response button as

appropriate as quickly as possible. This was repeated two

further times with different stimuli and probe digits. Mean

reaction times were measured in milliseconds, and accuracy

of responses to both original and novel (distractor) stimuli

was recorded as percentages which were used to derive a d%
greater than chance performanceT score.

Delayed Word Recall: The participant was again given

60 s to write down as many of the words as possible. The

task was scored as number correct, errors and intrusions and

the resulting score was converted into a percentage.

Delayed Word Recognition: The original words plus 15

distractor words were presented one at a time in a

randomised order. For each word the participant indicated

whether or not he recognised it as being included in the

original list of words by pressing the dYEST or dNOT button
as appropriately and as quickly as possible. Mean reaction

times were measured in milliseconds, and accuracy of

responses to both original and novel (distractor) stimuli was

recorded as percentages which were used to derive a d%
greater than chance performanceT score.

Delayed Picture Recognition: The original pictures plus

20 distractor pictures were presented one at a time in a

randomised order. For each picture, participants indicated

whether or not it was recognised as being from the original

series by pressing the dYEST or dNOT button as appropriate

and as quickly as possible. Mean reaction times were

measured in milliseconds, and accuracy of responses to both

original and novel (distractor) stimuli was recorded as

percentages which were used to derive a d% greater than

chance performanceT score.

2.3. Primary cognitive outcome measures

The above measures were collapsed into the five

outcome factors derived from the battery by factor analysis,

and the global dQuality of MemoryT measure (see Wesnes et

al. [32] for details), as previously utilised by Kennedy et al.

[26–30], and Wesnes et al. [31,32]. The contribution of each

individual task outcome to the outcome factors is repre-

sented in Fig. 1.

2.4. Memory

dQuality of MemoryT measure: derived by combining the

dSecondary MemoryT and dWorking MemoryT factor scores
(see below).

dSecondary MemoryT factor: derived by combining the

percentage accuracy scores (adjusted for proportions of

novel and original stimuli where appropriate) from all of the

secondary memory tests—word recognition, picture recog-

nition, immediate word recall and delayed word recall (with

adjustments to the total % correct for errors and intrusions

on the latter two tasks). One hundred percent accuracy

across the four tasks would generate a maximum score of

400 on this index.

dWorking MemoryT factor: derived by combining the

percentage accuracy scores from the two working memory

tests—spatial working memory and numeric working

memory. One hundred percent accuracy across the two

tasks would generate a maximum score of 200 on this

index.

dSpeed of MemoryT factor: derived by combining the

reaction times of the four computerised memory tasks—

numeric working memory, spatial memory, delayed word

recognition and delayed picture recognition (units are

summed milliseconds for the four tasks).

2.5. Attention

dSpeed of AttentionT factor: derived by combining the

reaction times of the three attentional tasks—simple reaction
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time, choice reaction time and digit vigilance (units are

summed milliseconds for the three tasks).

dAccuracy of AttentionT factor: derived by calculating the

combined percentage accuracy across the choice reaction

time and digit vigilance tasks with adjustment for false

alarms from the latter test. One hundred percent accuracy

across the two tasks would generate a maximum score of

100.

2.6. Subjective mood measure

2.6.1. Bond–Lader visual analogue scales

The 16 visual analogue scales of Bond–Lader [33] were

combined as recommended by the authors to form three

mood factors: dalertT, dcalmT and dcontentT.

2.7. Serial subtraction tasks

2.7.1. Serial Sevens

A modified computerised version of the Serial Sevens

test was utilised. The original verbal Serial Sevens test [34]

has appeared in a number of forms, including as part of the

Mini-Mental State Examination [35]. It has been used to

assess cognitive impairment during hypoglycaemia [36,37],

and has also been used to investigate the relationship

between increased blood glucose levels and cognitive

performance [38–40].

In the current study, computerised versions of serial

subtractions were implemented (see Ref. [39] for details),

here using tests of 2 min duration. For the Serial Sevens

task, a standard instruction screen informed the participant

to count backwards in sevens from the given number, as

quickly and accurately as possible, using the numeric

keypad to enter each response. Participants were also

instructed verbally that if they were to make a mistake

they should carry on subtracting from the new incorrect

number. A random starting number between 800 and 999

was presented on the computer screen, which was cleared

by the entry of the first response. Each three-digit response

was entered via the numeric keypad with each digit being

represented on screen by an asterisk. Pressing the enter

key signalled the end of each response and cleared the

three asterisks from the screen. The task was scored for

the total number of subtraction and number of errors. In

the case of incorrect responses, subsequent responses were

scored as positive if they were correct in relation to the

new number.

The Serial Threes task was identical to the Serial

Sevens, except that it involved serial subtraction of

threes.

2.8. Treatments

Depending on the condition to which the participant

was allocated on that particular day, the combination of

two identical capsules corresponded to a dose of either 0
(a sunflower oil placebo), 25 Al, or 50 Al of S.

lavandulaefolia essential oil (Baldwins, London, UK) in

sunflower oil. Capsules were dispensed in the laboratory

for oral administration following the baseline assessment.

2.9. Procedure

Each participant was required to attend a total of four

study days that were conducted 7 days apart, to ensure a

sufficient washout between conditions. Testing took place in

a suite of laboratories with participants visually isolated

from each other.

On arrival at their first session on the first day,

participants were randomly allocated to a treatment regime

using a Latin square design which counterbalanced the

order of treatments across the three active days of the

study.

The first day was identical to the following three, except

that no treatment (active or placebo) was offered to allow

familiarisation with the test battery and procedure. Data

from the five sessions of this practice day were not included

in any analysis.

Each study day comprised five identical testing

sessions. The first was a pre-dose testing session which

established baseline performance for that day, and was

immediately followed by the day’s treatment on visits 2 to

4. Further testing sessions began at 1, 2.5, 4 and 6 h

following consumption of the day’s treatment.

Each testing session comprised completion of the Bond–

Lader visual analogue scales, the CDR test battery and

finally the Serial Threes and Serial Sevens computerised

subtraction tasks.

2.10. Statistics

Scores from individual measures were combined to

form the dQuality of MemoryT measure, and the five

cognitive factor scores. These, the individual task out-

come measures, Serial Threes and Serial Sevens scores,

and the three mood outcomes derived from the Bond–

Lader visual analogue scales, were analysed as dchange
from baselineT using the Minitab statistical package. The

initial analysis was made using repeated-measures analy-

ses of variance. Following the recommendations of

Kepple [41], the omnibus F test was eschewed in favour

of planned comparisons which were made between the

placebo and each of the two active treatment conditions

(25 Al salvia and 50 Al of salvia) at each time point. Pre-

planned comparisons were made using utilising t tests

with the mean squares for dDose�Time�SubjectsT as an

error term [41]. To ensure the overall protection level all

testing was two-tailed, comparisons were strictly planned

prior to the study, were restricted to the number of

conditions minus one at each time-point, and only

probabilities associated with these pre-planned compar-

isons were calculated.
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3. Results

A preliminary report including word recall scores only

from this study has been published elsewhere [42].

3.1. Baseline scores

Prior to analysis of change from baseline data, mean pre-

dose raw baseline scores for all three conditions (placebo,

25 Al, and 50 Al) for each of the primary outcome measures

(dQuality of MemoryT, the five cognitive factors, mood scale

scores and serial subtraction scores) were subjected to a one-

way repeated-measures analysis of variance. There was a

single significant difference in baseline performance

[F(2,46)=3.5, p=0.039], with post hoc comparisons (Dun-

nett’s) revealing that following the 50-Al dose, participants
scored fewer errors ( pb0.05) on the Serial Threes task than

while in the placebo condition.
Fig. 2. Effects of S. lavandulaefolia essential oil (25 and 50 Al) and placebo on

MemoryT, dSpeed of MemoryT, dSpeed of AttentionT, and dAccuracy of Attentio

scores and change from baseline scores for each dose of Salvia. Graphs repre

(*p=0.05, **p=0.01, ***p=0.005 compared to the corresponding placebo score
3.2. Cognitive factor outcome measures

Mean raw and change from baseline cognitive factor

outcome measure scores for each condition across each

session are displayed in Fig. 2.

3.2.1. Quality of Memory measure

Planned comparisons revealed a significant improvement

in the accuracy of memory task performance, in comparison

to placebo, for the 25-Al dose of sage at 1 h post-dose

[t(138)=2.85, p=0.005]. There was also a trend towards

improved performance for the same dose at 4 h post-dose

[t(171)=1.71, p=0.09].

3.2.2. Secondary Memory factor

The 25-Al dose of sage was associated with a significant

improvement on the dSecondary MemoryT factor at 1 h

post-dose [t(138)=2.66, p=0.009]. There was also a strong
cognitive measures: dQuality of MemoryT, dSecondary MemoryT, dWorking

nT. The table presents means (with standard errors in italics) of baseline

sent the change from baseline scores for the relevant outcome measure

). Units are as per the table.
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trend towards improved performance for the same dose at 4

h post-dose [t(138)=1.96, p=0.052]. Reference to the single

tasks which contribute to this factor (see Fig. 1) suggests

that 50 Al evinced a greater improvement than placebo on

the immediate word recall task at 1 h [t(138)=2.24,

p=0.026] and 4 h [t(138)=2, p=0.047]. There was a strong

trend towards improvement for the 25-Al dose at 1 h post-

dose [t(138)=1.96, p=0.052]. Word recognition task per-

formance was also improved for both doses at the 4-h

testing session [25 Al: t(138)=2.26, p=0.025; 50 Al:
t(138)=2.05, p=0.04], while picture recognition task

performance was improved at 1 and 2.5 h for the 25-Al
dose [t(138)=2.79, p=0.006 and t(138)=2.3, p=0.022,

respectively].

3.2.3. Working Memory factor

There were no significant differences on the dWorking

MemoryT factor. There was, however, a single significant

improvement on the numeric working memory task at 1 h

post-dose for 25 Al of sage oil [t(138)=2.2, p=0.029]. Given
the nature of the statistical analysis, it seems unwise to

overinterpret such single significant comparisons.

3.2.4. Speed of Memory factor

Performance on the dSpeed of MemoryT factor was

improved for both doses of essential oil, with participants
Fig. 3. Effects of S. lavandulaefolia essential oil (25 and 50 Al) and placebo on seria
italics) of baseline and change from baseline scores for each treatment in terms of

tasks. Graphs represent the change from baseline scores for the relevant outcome m

compared to the corresponding placebo score).
performing faster, relative to placebo, in the 25-Al condition
at 2.5 h [t(138)=2.34, p=0.021] with a trend towards the

same at 4 h post-dose [t(138)=1.85, p=0.066], and follow-

ing 50 Al at 4 [t(138)=3.05, p=0.003] and 6 h post-dose

[t(138)=2.35, p=0.02].

Reference to the individual tasks which contribute to

this factor (see Fig. 1) suggests that both doses of essential

oil were associated with a greater increase in speed than

placebo on the picture recognition task, with improve-

ments associated with 25 Al at 2.5 h [t(138)=2.08,

p=0.039], and with both 25 and 50 Al at 4 h

[t(138)=2.61, p=0.01 and t(138)=2.88, p=0.005, respec-

tively], and 6 h post-dose [t(138)=2.05, p=0.042 and

t(138)=1.99, p=0.048, respectively]. Similarly, while the

50-Al dose was associated with increased speed on the

spatial memory task at 2.5 h [t(138)=3.5, p=0.0006] and 4

h [t(138)=2.03, p=0.044], both doses evinced faster

performance at 6 h post-dose [t(138)=2.17, p=0.03 and

t(138)=3.7, p=0.0003, respectively]. There was also a

single increase in speed associated with the 25-Al dose on

the numeric working memory task at 2.5 h post-dose

[t(138)=2.09, p=0.039].

3.2.5. Quality of Attention factor

There were no significant differences on the dQuality of

AttentionT factor, or the measures that load onto it.
l subtraction performance. The table presents means (with standard errors in

both total responses and errors on both the Serial Threes and Serial Sevens

easure (*p=0.05, **p=0.01, ***p=0.005, ****p=0.001, *****p=0.0005
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3.2.6. Speed of Attention factor

There were no significant differences on this factor.

There was one single significant improvement in speed on

the choice reaction time task (which contributes to this

factor) for the 25-Al dose of sage at 4 h post-dose

[t(138)=3.29, p=0.001]. It seems likely that this represents

a chance fluctuation in performance.

3.3. Serial subtractions

Mean raw and change from baseline serial subtraction

scores for each condition across each session are displayed

in Fig. 3.

3.3.1. Serial Threes

There were significant differences on both the number

of responses and the number of errors on the Serial Threes

task. Following 50 Al of sage, participants’ speed of

performance improved significantly at the 6-h testing

session, in comparison to a decline for placebo

[t(138)=3.44, p=0.0008]. There was also a strong trend

in the same direction for the 25-Al condition [t(138)=1.93,

p=0.055]. In contrast to this, the 50-Al condition evinced

more errors at 2.5 h post-dose [t(138)=2.68, p=0.008], and

both doses were associated with more errors at 4 h post-

dose [25 Al: t (138)=3.07, p=0.003, and 50 Al:
t(138)=4.52, p=0.00001]. While the increase in errors

following the 50-Al dose has to be viewed with caution in

light of the significant reduction in errors at baseline for

this condition (see above under dbaseline scoresT), and the

possibility that the increase in errors therefore represents a

regression to the mean, it is interesting to note that pre-
Fig. 4. Effects of S. lavandulaefolia essential oil (25 and 50 Al) and placebo on Bo

presents means (with standard errors in italics) of baseline scores and change fr

baseline scores for the relevant outcome measure (*p=0.05, **p=0.01, ***p=0.0
dose scores for 25 Al were largely indistinguishable from

placebo.

3.3.2. Serial Sevens

Performance was improved following both doses of sage

on the Serial Sevens task. In comparison to placebo,

participants generated more subtractions above baseline

performance at 4 h post-dose following 25 Al [t(138)=2.02,
p=0.045], and at 6 h post-dose following both doses of sage

[25 Al: t(138)=3.6, p=0.0004, and 50 Al: t(138)=4.05,

p=0.00009]. There was also a single significant reduction in

errors following 25 Al at 2.5 h post-dose [t(138)=2.21,

p=0.029].

3.4. Bond–Lader mood scales

Mean raw and change from baseline scores on the dalertT,
dcontentT and dcalmT factors derived from the Bond–Lader

visual analogue scales for each condition across each

session are displayed in Fig. 4.

3.4.1. dAlertT factor
Participants’ subjective ratings showed that, in compar-

ison to baseline ratings, they rated themselves as more alert

than placebo following ingestion of 50 Al of sage at all

testing sessions, with this reaching significance at 2.5 h

[t(138)=2.34, p=0.02], and 4 h [t(138)=2.58, p=0.01]

testing sessions.

3.4.2. dCalmT factor
Participants also scored higher on the dcalmT factor than

at the baseline testing session, in comparison to placebo,
nd–Lader mood scale factor scores: dAlertT, dContentT and dCalmT. The table
om baseline scores for each treatment. Graphs represent the change from

05, ****p=0.001 compared to the corresponding placebo).
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following 50 Al of sage at all testing sessions [1 h:

t(138)=2.22, p=0.028; 2.5 h: t(138)=3.46, p=0.0007; 4 h:

t(138)=2.6, p=0.01; 6 h post-dose: t(138)=3.52, p=0.0006].

Similarly, having ingested 25 Al of sage oil, participants

rated themselves as having become more dcalmT than after

taking the placebo at all time points, with this reaching

significance at 2.5 h [t(138)=3.01, p=0.003] and 6 h post-

dose [t(138)=2.74, p=0.007].

3.4.3. dContentT factor
Participants also rated themselves as having become

significantly more content, in comparison to placebo, in the

50-Al condition at the 4 h [t(138)=2.96, p=0.0036], and 6 h

[t(138)=2.3, p=0.023] testing sessions.
4. Discussion

Compared with placebo, both doses of S. lavandulaefolia

oil resulted in improved performance on all three elements

of the testing battery employed in the current study (the

CDR system, Serial Subtractions and the Bond–Lader mood

scales).

Improved performance on the primary cognitive meas-

ures derived from the CDR battery was restricted to memory

performance, with specific improvements for the lowest

dose (25 Al) on the dSecondary MemoryT factor at the 1-h

post-dose testing session, and on the dSpeed of MemoryT
factor at the 2.5-h testing session. The 50-Al dose was

associated with improved dSpeed of MemoryT at both the 4-

and 6-h testing sessions. Reference to the single task

outcomes showed that the sage oil conditions were

associated with improved performance on a number of

tasks. Unsurprisingly, these were almost exclusively

restricted to enhancement for both doses on the component

tasks making up the dSecondary MemoryT and dSpeed of

MemoryT factors. It is notable that all of the significant

changes on the tasks from the CDR battery reflected an

improvement in performance. dSecondary memoryT incor-

porates elements of learning, consolidation and retrieval of

episodic information, while dSpeed of MemoryT specifically
reflects retrieval efficiency. It therefore seems likely that the

previously reported improvements in word memory [21]

may be due to improved retrieval processes.

On the serial subtraction tasks, both doses of sage

resulted in sustained improvement in the speed of perform-

ance, with the 50-Al dose resulting in more subtractions than

placebo at the final (6 h) testing session on both Serial

Threes and Serial Sevens. Similarly, the 25-Al dose resulted
in more Serial Sevens responses at both 4 and 6 h. While

Serial Sevens accuracy gradually improved for the placebo

condition over the course of the first four testing sessions,

the opposite was true for both treatment conditions, with

significantly more errors at 2.5 h for 50 Al, and at 4 h for

both doses. This last finding has to be viewed in the context

of significantly reduced errors for 50 Al at the pre-dose
baseline testing session (suggesting regression to the mean

rather then a positive pharmacological effect for this dose),

and improved accuracy of performance for the lower dose at

2.5 h on the Serial Threes task (suggesting a shift in speed/

accuracy tradeoff at this time point). It also remains a

possibility that speeded performance, coupled with reduced

accuracy on this task, represents a consequence of aspects of

a more positive mood, in particular, in terms of increased

dcalmnessT for both doses and increased dcontentednessT for
the higher dose. On the other hand, the effects on memory

are not wholly consistent with such an interpretation and it

may be that mood and cognitive effects are dissociated and

underpinned by different neural mechanisms.

The improvements in mood seen for both doses of sage

are possibly the most striking findings of the current study.

This was most pronounced for the 50-Al treatment where

positive effects were evident on all three mood factors of the

Bond–Lader scales. These improvements were significantly

higher than placebo at 2.5 and 4 h post-treatment on the

dalertT factor, at all time points on the dcalmT factor, and

during the later two testing sessions for the dcontentT factor.
While ratings for the 25-Al dose were largely indistinguish-

able from placebo on the dalertT and dcontentT factors, this
dose too was associated with sustained improvements in

ratings on the dcalmT factor which reached significance at

both 2.5 h and 6 h post-dose.

This overall profile of results accords well with the

properties traditionally attributed to Salvia species. Exam-

ples of references to the effects of the herb from 16th and

17th century pharmacopoeias include those by Gerard, in

1597, who suggests that bIt is singularly good for the head

and brain and quickeneth the nerves and memory.Q
Similarly, Culpepper, writing in 1652 in his authoritative

dComplete HerbalT, notes that bIt also heals the memory,

warming and quickening the sensesQ [7].
To a great extent, the pattern of cognitive modulation also

agrees with recent identification of the in vitro cholinergic

properties of sage, including cholinesterase inhibition by the

S. lavandulaefolia preparation used in the current study [42].

The demonstration of specific cholinergic properties for the

essential oil can certainly accommodate the improvements

seen for both doses of sage on the dSecondary MemoryT and
dSpeed of MemoryT factors, and their component single task

outcomes. Similarly, increased speed on the serial subtrac-

tion tasks can be viewed within the context of cholinergic

modulation of central executive resources [43].

On the other hand, one might also expect modulation of

attentional processes if cholinergic systems were the

primary target of the active principles within this prepara-

tion. It seems more probable that the cognitive benefits of

this preparation stem from an interaction of many processes

each of which alone may exert subtle positive or negative

effects. Such processes may include hormonal systems, in

particular, there have recently been reports of oestrogenic

properties for S. lavandulaefolia essential oil [11], raising

the possibility of wide ranging CNS effects leading to
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positive effects on mood and cognition (see Sheperd [20] for

a comprehensive review). Additionally, given such proper-

ties, one might expect differential gender-specific treatment

effects. The gender composition of the cohort tested here

(16 females and 8 males) does not lend itself to making such

a comparison. However, future studies might usefully be

directed at this issue, including examination of the effects of

Salvia in populations such as post-menopausal women.

In light of the complex composition of the essential oil, it

is unlikely, however, that any effects are attributable to one

mechanism in isolation, and are more likely to reflect the

additive or synergistic effects of a number of different

components and/or mechanisms. Particularly pertinent to

this point is the striking pattern of mood elevation, with the

higher dose of sage resulting in increased ratings of

alertness, calmness and contentedness. When both the

cognitive and mood effects of the herb are considered, it

becomes increasingly unlikely that they are as a result of a

single mechanism.

The initial driving force behind the investigation of the

cognitive effects of Salvia species was the possibility that

they may constitute a natural, effective and safe treatment

for the dcholinergicT cognitive decrements associated with

Alzheimer’s disease [5,12]. Specifically, treatments that

inhibit acetylcholinesterase, retarding the catabolism of

acetylcholine, and therefore resulting in increased synaptic

availability of the neurotransmitter, have been shown to

improve memory function in young and aged healthy

human cohorts, and are currently the only widely used

treatment for Alzheimer’s disease [44]. Similarly, treatments

with agonistic properties at muscarinic and/or nicotinic

receptors may also prove effective in Alzheimer’s disease,

although no such treatment is currently available for

prescription [44]. Interestingly, Galantamine, a plant-

derived AChE inhibitor that has recently joined the small

rank (including Tacrine, Donepezil and Rivastigamine) of

approved treatments for Alzheimer’s disease, may also have

nicotinic receptor binding properties, possibly leading to up-

regulation of acetylcholine release [45]. The essential oil

utilised in the current study was shown to have both AChE

inhibitory and cholinergic receptor binding properties.

Furthermore, there are no reports of negative side effects

associated with S. lavandulaefolia (or S. officinalis) despite

usage spanning hundreds, if not thousands, of years.

Certainly, the results reported here again demonstrate that

this plant may well have cognition-enhancing properties. It

is also worth noting that this beneficial modulation of

cognitive performance followed single doses of S. lavandu-

laefolia, and was evinced in a cohort of healthy young

participants who presumably have no cholinergic deficits.

While amelioration of cognitive decline would undoubt-

edly be of benefit to sufferers from dementia, the

antioxidant and anti-inflammatory properties of the plant

[11] may potentially confer long-term protection in the

pathogenesis of the disease [46]. Similarly, the mood-

enhancing properties of the herb may themselves have
applications in the treatment of advanced dementia, in

which disturbed mood and agitation feature as a major

problem.

The possibility that the positive behavioural effects

demonstrated in the current study could also be applied to

those suffering from age- or disease-related declines in

functioning deserves serious investigation.
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